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Each month, Chemistry & Biology Select highlights a selection of research reports from the recent
literature. These highlights are a snapshot of interesting research done across the field of chemical
biology. Our May 2015 selection includes reports on chemical reactions that might have ruled the
prebiotic Earth, the mechanism of HIF-independent hypoxic response, and an interesting member
of radical SAM enzyme family.The Meteor Crater in Arizona, USA, believed to
be one of the scars on the Earth’s surface
caused by the Late Heavy Bombardment. In the
geochemical context of Patel et al. (2015), the
Late Heavy Bombardment might have
generated HCN and phosphate, which were
then used as described by the authors in Patel
et al. (2014). Barringer Crater aerial photo
courtesy of the U.S. Geological Survey.Deadly Gases at the Origin of Life
The field of prebiotic evolution started more than six decades ago with a
spark—a spark in the glass bulb containing nothing more than H2O, CH4,
NH3, and H2, the four gases believed to be present in the atmosphere of early
Earth. What happened next is now part of scientific history. Careful analysis
of the content of the bulb after the spark revealed the presence of simple amino
acids, glycine and alanine, thus suggesting that similar chemistry might hold
the key to understanding how life emerged on our planet. These insights
sparked an entire field of research that merges chemistry, biology, and geology
with the ultimate goal of mapping out chemical events that led to the first living
systems.
An open question that Patel et al. tackle stems from a view of a cell as a
system composed of three basic subsystems that enable it to function: an infor-
mational subsystem, which is based on nucleic acids, specifically the RNA; a
metabolic subsystem, which is protein based; and a subsystem responsible
for formation of subcellular compartments, which utilizes lipids. Patel et al.
ask whether precursor molecules needed to put together the components of
all three cellular subsystems—RNA, proteins and lipids—emerged at the
same time, and they provide evidence that this could have been the case.
The authors report that two simple molecules, hydrogen cyanide (HCN) and
hydrogen sulfide (H2S), are at the root of the subsystems’ chemical diversity.
HCN is the building block of all the molecules identified by Patel et al., H2S is the reductant, and Cu(I)–Cu(II) photoredox
cycling drives the efficiency. An additional factor in the final scenario put forward by Patel et al., which takes into account
both their chemical observations and what is known about the geochemical realities of the Hadean Earth, is the flow. In their
view, the flow would not only continuously replenish the reactants, but it would also move andmix different reaction systems,
creating networks of reactions where the chemical ingredients needed for formation of RNA, proteins, and lipids would
coexist.
Patel et al. (2015). Nat. Chem. 7, 301–307. http://dx.doi.org/10.1038/nchem.2202Rethinking Hypoxic Response
Most living creatures, including humans, need the right range of oxygen levels to survive and thrive. It should therefore come
as no surprise that all of us have evolved specific physiological responses to deal with situations in which oxygen levels drop
beyond certain levels, also known as hypoxic conditions. Central to dealing with hypoxia are the hypoxia inducible factors
(HIFs), the master regulators that drive a number of different processes that are mobilized to ensure that a drop in oxygen
levels is weathered appropriately. HIFs have been viewed as the kings of the hypoxic response for decades, but some
more recent results suggest that they don’t reign alone.
A new study by Lee et al. presents evidence for the existence of an HIF-independent hypoxic response. This response is
mediated by an oxygen-regulated protein, NDRG3, and is regulated by not only oxygen levels, but levels of lactate as well.
Under normal oxygen conditions, NDRG3 binds a prolyl hydroxylase domain (PHD) enzyme, PHD2, which results in specific
hydroxylation of NDRG3 at Pro294. Hydroxylated NDRG3 is a substrate for VHL, an E3 ubiquitin ligase, and NDRG3/VHL
binding results in NDRG3 proteasomal degradation. Prolonged hypoxic conditions, however, lead to a rise in lactate levels.
Lactate binds and stabilizes NDRG3 by blocking VHL and NDRG3 engagement. Lee et al. also identify the downstreamChemistry & Biology 22, May 21, 2015 ª2015 Elsevier Ltd All rights reserved 561
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the HIF-dependent hypoxic response and the NDRG3/lactate-dependent response are two sides of the same coin, working
together to maximize growth under hypoxic conditions. HIFs achieve this by maximizing glycolysis, which has, as one of the
outcomes, accumulation of lactate that in turn is sensed by NDRG3, triggering c-Raf-ERK signaling. This work identifies an
HIF-independent hypoxic response and elevates lactate to the level of an important oncometabolite and signaling molecule.
Lee et al. (2015). Cell 161, 595–609. http://dx.doi.org/10.1016/j.cell.2015.03.011One Truly Radical Enzyme
S-Adenosyl methionine (SAM) is a common enzyme cofactor that is primarily used as a universal source of methyl groups for
methyl group transfer reactions in biology. However, additional roles for SAM have emerged over the last decade or so,
including as a cofactor for a growing family of radical SAM enzymes. One of the more unusual members of this family is
FbiC. FibC has two active sites, CofG and CofH, each one employing a radical SAM-based mechanism. The final product
of FibC is 8-hydroxy-5-deazaflavin, Fo, an intermediate in biosynthesis of coenzyme F420, and the FibC substrates are diami-
nouracil (5-amino-6-ribitylamino-2,4(1H,3H)-pyrimidinedione) and tyrosine. The likely mechanism for FibC was previously
proposed, which led to some interesting questions, including how CofG/CofH system controls formation and utilization of
two very reactive 50-deoxyadenosyl radicals.
Philmus et al. take a close look at the reaction catalyzed by CofG/CofH system. They document the location of the two
hydrogen atoms that are abstracted from the substrate: one is the hydrogen atom at the C3 position of the tyrosine and
the other is most likely from the amino group of tyrosine, with the exchangeable hydrogen atom transferred in the first step
and the one at the C3 position transferred in the second step. Additionally, Philmus et al. identify and structurally characterize
the product of CofH catalyzed reaction, which they show is the intermediate in Fo biosynthesis and the substrate for CofG. The
evidence includes mutagenesis-based analysis of FbiC active sites, and here the data points to independent roles for the two
active sites and the diffusion of the intermediate from one active site to the other. Philmus et al. advance our view of this com-
plex enzyme catalyzed chemical transformation while leaving some interesting questions open; most notably, how to capture
formation of the p-hydroxybenzyl radical that they propose is formed after the exchangeable hydrogen atom abstraction.
Philmus et al. (2015). J. Am. Chem. Soc. 137, 5406–5413. http://dx.doi.org/10.1021/ja513287k
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